€550

Eco-Environmental
Knowledge Web

£

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

PM2s5 3 K E {2 B fa 18 F0 255 R BRI

x5, FF, pF@E, 85, MR

PM. .12 | SR
R Z T

B =5 PENFRESHRHFTRC

2021548

$B42% F4H
Vol.42 No.4




W % B 3 a2 % B4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 4E 4 H 15 H

H e
B I SR L X B R TS e M HE A AL R BT - ovverevereeeee e EE, %ﬁﬁ}, gg;‘(ﬁh ® g;g % (1591)
BRVT = fa R SO0 E AR ( x)'ﬁpMz_sEAﬁﬁ@ AT TS LIS ovveeveneesenrenen e
................................................... FEs, R, ¥, EE, AAM, 4HE, £HE HEE, IS8, A#EFE (1600)
VN T LR TS e %ﬂc}ﬁggﬁHjlmjc%ﬁ@&@ﬂg?mh\*ﬁ .......................................................................................
........................................................................ ERE, $/j_[jj k¥wE, WIEE, MR, EAL, THER, ZRM (1615)
BRI T LA AR E BORIRAEAT - RE, Z44, #, K2, M, WA, BT, EE, FXI, UHE (1626)
g YN D N A1 L =P BEE NEA, VEE, TFE (1636)
B F DM, TR B v Bh, FRE, RN, AR, HE KA AR (1642)
BT AL R EAT LI HE BN B ovvvvvesssssnnvccnnnnes BH, BHE, A, 2EF, Shk, k%, Bif, S (1649)
RO RIS IR T HABE P TR R ZF SRR ERERE IR woovvvvreoon A, TEA, &k, K7 (1660)
R = G IR T R AT [ X S Bi, B8, B, KA, TTH (1668)
KA TEYAETRG AT TL L] o vevvevmerennenmennenin e R, ERYE, BRI, KA, B, ERE (1679)
PM, 75 e X J0 B BE SR RIZE R MBI ooovveeseeessme e £5 BE KFHE, 5, BHE (1688)
e S VR YN R TS o3 Sl S e LRE, AB, REB, S, L, S 2 (1696)
%ﬁ%m%ﬂmﬁﬂi**%%ﬁﬁ&%ﬁﬂ% --------------------------------------- KA, ek, BUHE, kb, ZRE, BIE, Bk (1706)
NN o ST e 193 S 3 HER, BA, TR, BAY, BEA, THA, 2HE (1714)
3 20 4EA BB AIRIZ U ST BB TC 2 8 T Y oo EE, BF, B, AT, Ak, REA, R (1724)
PN SR T K KA 22 R R S [ BT B AT 8L vveveerrereeeseerie st X&, Ak, A& (1739)
SUEHLH T K BB TR RIS o ovvvovoneesssns B ABE, B, HEH, REL, BRE, KR, AEA (1750)
SN LT BRI T KK AR BHUBGE R AG T -oeeoveereeomeeeeesee e EEE, %%%, Wi, AW, EXE (1761)
LTI R AR AT S SR - 8, B, B EWH, 22 0, 24%, K (1772)
TS ) R B FE ORI oo BT, B, BTR, BEE, BEE, BET (1781)
VBT b X SR B R PAHs TSV TR ANT  woeoeveverereeeseermnnnananes Bm s A FE EBRET, BT, B (1791)
AR B AR A BB TR TR 015 YL R TE XU BEAT ooeeeereeeeeeeeenns KU, KIRE, HEME, BER, FEE, KE, RE (1801)
KW BRI RS2 AR RVEZS KU T «oeeeeeremmememe, Tolth, X4, AW, BRY, G4, #4E (1811)
0T 2 0 DU T4 R A L 5 e BT T KU STy v veeeeermemmenmereeeeneeieeieene s BEH, GNE, 28, 28 ﬁ% £ (1820)
=IETTARY) PAHs Fl PCBs (534 SRISRBE TR «overeereeremremmmemnnninnnns Bk, HEE, HILW, i, KUE, HiE (1830)
gﬂgftﬁ;[jliu{)?(g wagkﬁﬁﬂj gﬂ:&/ﬁ\:;’g{)ﬁﬁg*ﬁ ................................................ HfUE Eﬂg{ﬂ, 5 iﬁk %%‘fﬁ ??}]E)—L (1839)
SR AT R R B B 0 TR X IR D8 h A A4 e AL 0 5 o SR 2 R UR B DRAy v eveemeeneenenes FHY MEME, Y (1847)
BRI A I E RS A B R B EIRAKIR oo ZWE, FES, Ravi Naidu, B R, HKE, BEE (1861)
FWITE W AT AU B TLE MIIEAIR  +eeeveeeereereereee ettt e s ;&rgﬁﬁ IME, HBEH JUNT (1870)
TR e TR A B A SR SRR R LIRS R F o - R, Fubsk, R, Tk, EE, BWE, BF, ke K (1879)
T EEMs 5 UV-vis 2087 70 TR 2000 18 7 DOM it %ﬁlﬁ;@ﬁ .................................................................................
.................................................................................... WA, REE, B, 22% Fak, Ak, Ak, T (1889)
AR RIS BB 5 A BRI BRI Sy vovveessssssssssnen AR, S GIPE, 22 AR, (1901
R O RS LA D7 X 1 T -1 < RSN IEE, ZERE, BH, BIUF, B, BAE, L4 (1913)
U S T O A DR AV R G AU AU out 3 71 ST FE, EF, BRE, BH, KAF, KET (1923)
HT R MBI B R B TS TR S MU E M SRR AIHT v erveerrereeree ettt FwE, HE (1930)
CIO, T8 T A5 K AL HH KB ZRTTZGHED AR +eevevereseessss sttt
...................................................... BEE, Zhd, BAE, AW, BEH, %, 98, G-, 2EX, 44 (1939)
1@@3@*"_ PES iﬁz 4-DCP EA(E XTBE%/H(JEH@&I\%A*J %1‘%@5#]%%%? I'] .....................................................................
................................................................................. %ﬁ@a}] ﬁ;&@’ %jﬁ@, %ﬁ?ﬂ, ;[3':1:5', %éﬂu ﬁ—ﬁ’ 7’%,%7}* (1946)
SRELTE KA 5 TR R W B TR KR T cvvevererermereesmeenme et B EhE, ﬁ;]gzﬂ% (1956)
SR IR VR 2 BB LT SRR oo EFA, AE, EUF, FHE, R (1967)
SRR FFIBE 56 2 P S 2 JAE S B A PRI 00000000000 T, HEH, Had, B, BEE (1979)
B RS T S MR AL 22 T 1 s LAMEZE T I I R ] -+ vereevermersermen ettt
............................................................ BT &, BEE, A%, s4, L4, REL, WEE, 9%, THHA, A (1989)
ST A LB PP R T A U S BICOREAT 5%, 5, B A, EAC, %, R, 51548 (200)
W RS T RTFDK B B Cd 1) BB SR oo RTE, 7k, Ik, HEH, A%, $HE, &7 (2016)
NGl e TR L NSl i G L iy T T L e O P
.......................................... ;(M% %[ﬂf]g E@( ;(|JWW Pornplmol Kleawsampan]al Hg’g %ﬁ Eﬂg;ﬂ’ T{IW 7'7%;4—“” (2024)
N R ISR B A2 BB LB ZE v eovvereeee oo st Wik, T8, THE, B E, H/EL (2031)
Cd W3t R AR FISMEAE A AR RS AL R I Cd SRR RE IR v Wi, F%, 20, RFA, FAE (2040)
TR I UL X 7K R MR 2 R TSR S B TE (M «evee e eeeemmermenmmeie e Rt HiElE, HE, ;\;@—L (2047)
BB I R B0 H I B S S INEE SR E e [s;]t\g;‘(’ g&ﬂ ?gbl x| B (2056)
{0 I TEVE IR AM ZLT RIS B A T B VDAL T AR T T ++eeevereereermemsen ettt
.................................................................. %*ﬁi@ )@Kﬁ]’ ﬁﬁﬁ%, ﬁr’ﬂjg ?1&fﬁ ?rg" jj’u% ‘%ﬁ 5, g[g,% (2066)
e G e TR I e A 1€ SR K, #55%, ALk, %%ﬁ %%m,%ﬁﬁ(mm)
UK 2 25 SO BB B BRI B R BT ST oo FRM, HEE, HEE, £EF (2089)

(REREEVEITIRE (1738)  (IRERLE)VERIMMI(1790)  fZE.(1860, 1878, 1900)



)
IET-HUFE‘ In BB R = 554245 Hal 202144 /1

Eco-Environmental

Knowledge Web Environmental Science Vol42,No4 Apr.,2021

iﬁi—.ruu.ﬂzléé}: i“lﬂTZka'“ﬁ gi%ﬁﬁ”ﬁ%ﬁ?ﬁ&
HiET R X

XIZE, R, R

(1. PEIERMBH R R A K + TRAEMEALRE, HE 7121005 2. R GIR Y LR &R~
i STN5A8)

FEE, UM SIS R S0HE, A SCHI A Piper =428, Gibbs A 35 182040 M2 M 20 [ R LE [ 35 A 20 452 )y i |
S3HT T AT 2 T K B KA N S SRR TR 38 A A R B s i TR 28, B 7m T TR SsOK A6 34 Bk v fead 2. 25 R 3%
B, VT S T K S5 B SR K 5 PESA A BEES T4 HCO; 1 Ca®* 5 M /KK A2 AL, Mg-Ca-HCO, 1 Mg-Ca-Cl-
SO, M3 KT HEM R, T ~ 25K 5 HHE 949% . 4R 7K 8D il §"°0 SEIE 5K —70. 2% - 9. 6%0, 5 7 ~9 H MK R 2
TEARL, HE7m b R 7K ) fig R ZERUR TZ B A K, T R B T KRR 45 77 =2 (O34T R 260 ) A7 46— 2 1Y 28 TR 28 Ak, 5 A R
P T K R BT (87 % ) Tﬁ’ﬁ%/\ﬂ)\%?ﬁiﬁwﬁm&d AT 8% B 5% . AE A A KAk BERR L FER A
AR B 25 %o b 7K 8 9 TTRAE 24, 539 o5 32% ., 28% F11 26% . zlxﬂﬂ,n%ﬁﬁﬁﬁ_%éiﬁﬁﬁﬂﬁﬁ«%«Ta.ﬁuﬁi&ﬁk%}ﬁ

BB, ; ~ |
K RIS AARGERNME,; BEL; e MK A
HESES.: X523 XEARIRE: A XERS: 0250-3301(2021)04-1739-11 DOL: 10.1322-7/j.hjkx. 202008315 o

Hydrochemlcal and Isotoplc Characterlstlcs in the Shallow Groundwater of the
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Abstmct /The Fenhé Rlver basin is the sécond largest trlbutary of the|Yellow River. Piper diagrams, Gibbs, PCA, correlation analysis

and forward derivation modehng were used to: analyziﬁ-r the dlstr.lbutlon characteristics and the controlling factors of the groundwater

y

A

(hemlbtry and stable.isotopes in the Fenhe River basin, Which revealed the water cycle and water quality evolution process. The results
indicated that the groundwater is a weakly alkaline, micro-hard water, the dominant anions and cations are HCO; and Ca>* , the major
gmundwellter types are Mg-Ca-HCO, and Mg-Ca-Cl-SO, , the groundwater quality is good, and more than 94% of the samples belong to
classes I -1. The average values of 8D and §'°0 of the Fenhe River groundwater are —70. 2%0 and —9. 6%o, which are similar to the
isotope values of the precipitation from July to September, indicating that the groundwater may have originated from this period and that
the groundwater recharge mode ( dominant flow and piston flow) has a spatial variation. Rock weathering is the dominant source of ions
in the groundwater, with an average contribution of 87%, while the contributions of atmospheric input and human activity are 8% and
5%, respectively. For rock weathering, silicate, evaporate, and carbonate rock contribute equally to the groundwater solutes,
accounting for 32%, 28%, and 26%), respectively. The results of this study provide the basis for promoting the sustainable development
and utilization of groundwater resources in the Fenhe River basin.

Key words: hydrochemistry ; stable isotopes; Yellow River; Chinese Loess Plateau; groundwater; Fenhe River
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Fig. 2 Spatial variations of the chemical parameters and major ions of the shallow groundwater in the Fenhe River Basin
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Table 2 Analytical results of the groundwater parameters, isotope, and chemistry in the Fenhe River basin

sn on ™S TH o SOT Nop HCO; GEt KT M@ Nt 0D 50 leewes
/mg-L™" /mg-L™" /mg-L™! /mg-L~" /mg-L~' /mg-L~' /mg-L™! /mg-L™! /mg-L~! /mg-L™" /%o /%o /%o
B/ME 716 265 85.7 4.4 6 0.1 71.6 13.3 0.1 5.9 6.2 -85.4 -11.4 -8.8
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Table 3  Correlations matrix between the groundwater hydrochemical parameters in the Fenhe River basin

Cl- S0;~ NO; HCO5 Ca®* K* Mg Na* pH TDS WQI
Cl- 1 0.417* 0.255 0.053 0. 196 0.197  0.500* 0.768* -0.117 0.690™  0.553*
S0z~ 1 0.582* -0.285"  0.894™ 0.102  0.933*  0.254 -0.384™  0.910*  0.345*
NO; 1 -0.292*  0.696™ 0.044  0.580* -0.059 -0.372*  0.597*  0.850*
HCO; 1 -0.351* 0.152 -0.068 0.471* 0.281* -0.032  -0.088
Ca®* 1 0.052  0.794* -0.117 -0.458™ 0.746™  0.615™
K* 1 0.125 0.192 -0.118 0. 152 0. 070
Mg?* 1 0.377" -0.827" 0.950*  0.331"
Na* 1 0. 085 0.541™  0.280"
pH 1 -0.328" 0. 082
TDS 1 0. 828 **
WQI 1

1)+ #mR P <0.05, = FR P <0.01
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Fig. 6 Gibbs diagram of the shallow groundwater in the Fenhe River basin
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